Abstract: Zymoseptoria is a newly described genus that includes the prominent wheat 
INTRODUCTION
The genus Mycosphaerella in recent years has been revealed to be polyphyletic, not only incorporating numerous genera within Mycosphaerellaceae but also within Davidiellaceae, Dissoconiaceae, Schizothyriaceae and Teratosphaeriaceae (Crous et al. 2007 (Crous et al. , 2009a . In this regard, Zymoseptoria recently was proposed as a novel genus within Mycosphaerellaceae to accommodate Septoria-like species occurring on Poaceae (Quaedvlieg et al. 2011) . Zymoseptoria also includes the prominent wheat pathogen Z. tritici (synonyms Mycosphaerella graminicola and Septoria tritici), which is the causal agent of septoria tritici leaf blotch on wheat. The pathogen can be found on wheat worldwide. Population genetics and evolutionary studies indicated that the center of origin of Z. tritici was in the Middle East, overlapping the center of origin of its wheat host in the Fertile Crescent McDonald 2005, Stukenbrock et al. 2007 ).
To further investigate the evolutionary history of Z. tritici material from uncultivated graminicolous species showing septoria-like leaf symptoms was collected from five locations along a transect of approximately 600 km in the northwestern province, Ardabil, in Iran. Two distinct fungal populations were isolated and identified as close relatives of Z. tritici based on sequencing of seven loci (Stukenbrock et al. 2007) . One of the two new Zymoseptoria populations called S1 was recognized as the closest known relative of Z. tritici. The two species share the same sequence for 500 base pairs of the ribosomal internal transcribed spacer region (rDNA ITS) that often is used to distinguish ascomycete species (White et al. 1990 , Seifert 2009 ). Coalescent analyses of a multilocus dataset including more than 100 isolates resolved Z. tritici and the two new species into distinct lineages and suggested that the divergence of Z. tritici from the closest of the new Zymoseptoria species took place ~ 11 000 y ago (Stukenbrock et al. 2007 ). Subsequent genome sequencing of the three Zymoseptoria lineages revealed a genome-wide divergence of 6% and 10% between Z. tritici and the two Iranian lineages (Stukenbrock et al. 2010 (Stukenbrock et al. , 2011 , supporting the separation of these lineages as distinct species.
The Zymoseptoria species most closely related to Z. tritici (S1) was isolated from the grass hosts Elymus repens and Dactylis glomerata, and the other species (named S2) was isolated from Dactylis glomerata and Lolium perenne. Both species were found along a transect of approximately 600 km, indicating they are widely distributed within this region. Of note, the two new species were not found on wheat hosts in adjacent fields. Only Z. tritici was isolated from leaves sampled in wheat fields. Similarly Z. tritici was not found on the undomesticated grass hosts, consistent with the evolution of host specificity among the Zymoseptoria pathogens.
Experimental infection on detached leaves let us demonstrate that, although all three species can infect the same hosts, T. aestivum, E. repens, D. glomerata and L. perenne, they differ in their degree of virulence on them (Stukenbrock et al. 2011) .
Given this overlapping host range, this complex of Zymoseptoria pathogen species provides an excellent model system to study host specialization and speciation processes.
Here we present descriptions for the two Iranian Zymoseptoria species based on phylogenetic analyses of seven loci sequenced in multiple, closely related Zymoseptoria. We also present a detailed description of morphological and culture characteristics. Our multilocus sequence analyses place the two new Iranian Zymoseptoria species within the boundaries of the Zymoseptoria clade and confirm the reported close phylogenetic relationship with Z. tritici.
MATERIALS AND METHODS
Isolates.-Leaves with visible asexual fruiting bodies, pycnidia, were incubated in moist chambers to stimulate sporulation. Single-conidial isolates were established on malt extract agar (MEA; 20 g/L Biolab malt extract, 15 g/L Biolab agar) using the procedure of Crous et al. (2009c) . Cultures were plated on fresh MEA, 2% tap water agar supplemented with green, sterile barley leaves (WAB), synthetic nutrient-poor agar (SNA), 2% potato-dextrose agar (PDA) and oatmeal agar (OA) (Crous et al. 2009c ) and incubated at 25 C under near-ultraviolet light to promote sporulation. Reference strains are maintained in the culture collection of the CBS-KNAW Fungal Biodiversity Centre, Utrecht (TABLE I) . Descriptions, nomenclature and illustrations were deposited in MycoBank (www.mycobank.org, Crous et al. 2004) .
DNA extraction, amplification and sequencing.-Genomic DNA was extracted from mycelium on MEA with the UltraClean® Microbial DNA Isolation Kit (MoBio Laboratories Inc., Solana Beach, California). These strains were screened for seven loci, namely ITS, LSU, actin (ACT), calmodulin (CAL), RNA polymerase II second largest subunit (RPB2), translation elongation factor 1-alpha (EF1) and β-tubulin (TUB) (TABLE I). DNA amplification and sequencing reactions were performed as described by Cheewangkoon et al. (2008) . (See TABLE II TABLE II for detailed primer descriptions). All novel sequences derived from this study were deposited in GenBank (TABLE I) .
To determine whether the multilocus DNA sequence datasets were congruent a partition homogeneity test (Farris et al. 1994 ) of all possible combinations was performed in PAUP 4.0b10 Notes. Zymoseptoria ardabiliae is phylogenetically closest related to Z. brevis (FIGS. 1, 2). Morphologically, however, it is most similar to Z. passerinii (conidia 1-3-septate, 21-52 × 1.5-2.2 µm), although its conidia are shorter and wider (conidia 0-1-septate, 15-30 × 2-3 µm) (Quaedvlieg et al. 2011) . Notes. Zymoseptoria pseudotritici is phylogenetically closely related to Z. tritici, although it has much shorter and wider pycnidial conidia (one-septate, 7-22 × 2.5-3 µm) than Z. tritici (three-septate, 28-85 × 1.5-2.2 µm), and is more similar to Z. brevis (one-septate, 12-17 × 2-2.5 µm) (Quaedvlieg et al. 2011) .
Zymoseptoria pseudotritici
Genome data of Z. pseudotritici are deposited in the NCBI fungal genome database under accession numbers STIR04_5.9.1: AFIT00000000 and of Z. ardabiliae STIR04_1.1.1: AFIU00000000.
DISCUSSION
Although the genus Mycosphaerella had been regarded as the largest genus of Ascomycetous fungi (Crous 2009) , it recently was shown to be polyphyletic (Crous et al. 2007 (Crous et al. , 2009b . To complicate matters further, the recent trend to delineate genera as natural monophyletic lineages and to link these to single names in contrast to dual nomenclature (Hawksworth et al. 2011 , Wingfield et al. 2012 ) has resulted in many anamorph names being used to name the former Mycosphaerella-like clades. Because many of the type species of these anamorph genera currently are being recollected, it has become possible to better delineate the application of different generic names (Frank et al. 2010 , Minnis et al. 2011 . With the characterization of Septoria cytisi, the type of the genus Septoria, and the subsequent introduction of Zymoseptoria to accommodate species occurring on Poaceae, a new niche was discovered representing many Zymoseptoria species on grasses. Although the bootstrap support for the separation of Zymoseptoria from Ramularia was inconclusive (82% in the parsimony analysis of Quaedvlieg et al. 2011) , this value has been significantly improved by adding more genes to the analyses in the present study (0.98 posterior probability, 51% bootstrap support, Rpb2/LSU , FIG. 1) . The separation of Ramularia (Mycosphaerella s.str.) from Zymoseptoria on morphological grounds also is defendable because the former genus consists of more than 1000 names, representing fasciculate hyphomycetes with hyaline, septate, catenulate conidia having darkened, thickened scars (Braun 1998) , none of which have ever been observed to have coelomycete synanamorphs or to exhibit a yeast-like state in culture.
Many fungal pathogens within the newly described genus Zymoseptoria in recent years have been isolated and characterized from uncultivated grasses collected in the Middle East (Stukenbrock et al. 2007 , Seifbarghi et al. 2009 , Quaedvlieg et al. 2011 . Among these are the two new species, Z. pseudotritici and Z. ardabiliae, described here. Z. pseudotritici (formerly called Mycosphaerella S1) and Z. ardabiliae (formerly called Mycosphaerella S2) were isolated from wild grasses in Iran to study their genealogical relationship with the prominent wheat pathogen Z.
tritici. The evolutionary history of Z. tritici was inferred by coalescent analyses using DNA sequence information from the three species. It was shown that Z. tritici emerged in parallel with the domestication and cultivation of wheat in the Fertile Crescent 10 000-11 000 y ago from a common ancestor of Z. tritici and Z.
pseudotritici (Stukenbrock et al. 2007 (Stukenbrock et al. , 2011 . Z. ardabiliae represents another closely related species of both Z. tritici and Z. pseudotritici that diverged about 20 000-22 000 y ago (Stukenbrock et al. 2007 (Stukenbrock et al. , 2011 ).
Here we describe the phylogenetic and morphological characters of the two pathogens, Z. pseudotritici and Z. ardabiliae. Z. pseudotritici shares the same ITS sequence as Z. tritici but can be resolved as a distinct species based on multilocus phylogenetic analyses, comparative genomics and morphological characters. This close relative of Z. tritici also was able to infect T. aestivum in a detached leaf assay but to our knowledge has never been sampled from wheat fields in the Middle East.
The pathogen however was isolated from grass hosts of different genera (Dactylis sp.
and Elymus sp.), suggesting that the species can infect a variety of grass hosts.
Between Z. tritici and Z. pseudotritici the overall genome identity at the nucleotide level is 94%, supporting the distinction of the pathogens as different species. This high genome-wide nucleotide similarity let us compare > 9000 predicted genes (80% of the total number of predicted genes; Goodwin et al. 2011 ) and to identify a small set of positively selected genes (Stukenbrock et al. 2010 ). These genes likely played a role in either host specialization or speciation, and their functional roles currently are being investigated.
In addition to Z. pseudotritici we also provide here a detailed description of 
